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) Connector assembly lor chip testing. 



@ An electrical connector Is described for making 
contact with a plurality- of convex and deformable 
contact (40. 4S) on an electronic device (38). The 
electrical connector comprises a substrate having a 
plurality of conductors (10, 12, 14) y^ch extend 
above its sur^. A polymeric material (20) Is dis< 
posed on the surface of the substrate and has open- 
ings which expose the conductors, each opening 
sized to receive one of the convex, defonnabte con- 
tacts, and to enable electrical connection between 
the exposed conductors and the defomiable con- 
tacts. A mechanism is provided for urging the defor- 
mable contacts on the electronic device against the 
exposed conductors. The mechanism exerts suffi- 
cient force between the device and the conductors 
to cause sme defbrmation of the convex contact 
areas by the conductors. 
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This invention relates to electrical connectors 
and, more particularly, to an electrical connector 
adapted to temporarily conteicting conductive pads 
on a semiconductor chip during bum-in or other 
test procedures. 

Many semiconductor chips are manufactured 
with solder bumps, balls or lands to enable inter- 
connection to the "outside world". During the pro- 
duction of such chips, it is necessary to contact the 
solder interconnect areas to allow the chips to be 
electrically tested. Such tests are often perfomied 
during "bum-In" whwi the chip Is subjected to an 
elevated ambient temper^re while being simulta- 
neously electronically operated. 

However, it is often the case that the solder 
interconnect areas do not extend a unifonnn height 
from the surface of the chip. Thus, prior art inter- 
connect systems have used connectors whic^ ex- 
hibit some flexibility so that the height difterences 
of the solder interconnect areas can be accom- . 
rnodated. 

One such connector femploys spring loaded 
pins which automatically adjust fa the various sol- 
der heighte when pressure is applied between the 
connector and the chip. Spring-loaded connectors 
are both expensive and present problems when 
operated in a high temperature ambient AnoUier 
type of connector is known as a "probe-card" and 
includes a plurality of cantilevered, flexible beams 
which independently make contact with the various 
solder interconnect areas as the probe-card is 
brought down upon the chip. Because of the size 
of the probe-card, the number of chips which can 
bo contacted Is limited and registration between 
multiple chips ahd the probe card Is difficult to 
achieve. 

The prior art also illustrates other types of 
flexibte Interconnectors. For instance, fn German 
patent QE3151933-Ai, a plurality of parallel rows of 
contacte are embedded In an elastic dielectric ma- 
trix. Each contact is designed as a springy whre, 
thereby enabling the connector to be placed be- 
tween devices to be electrically interconnected. 
Then, by pressing the assembly together, the elas- 
tic dielectric matrix and springy contacts are com- 
pressed and make electrical interconnections. In 
U.S. Patent 3,680,037 to Nellis et al.. a similar 
. interconnection scheme is teught wherein com- 
pressible conductive rods are empk>yed to provide 
Electrical contact between a pair of conductive ma- 
trices. Here again, the compression of the intercon- 
necting rod assembly between the conductive ma- 
trices enables connections to be accomplished. In 
U.S. Patent 3.862,790 to Davies et al., another 
interconnection scheme is shown wherein a plural- 
ity of parallel conductors are held in a block of 
Insulating material. When circuit boards to be inter- 
i the paraltel conductors, they are 



placed on either side of the interconnection matrix 
and pressed together-and, the insulating material 
ylekls slightly to enable the conductors to make 
the desired connections. 

In view of the very high density of solder 
Interconnect areas on modern chips, the use of 
flexible connectors may result in inadvertent shorts. 
Furthemiore. flexible interconnect systems, during 
use, become distorted so that registration with sol- 
der interconnection areas is not assured. 

Accordingly, it is an object of this Inventton to 
provide an electrical Interconnector wherein rigid 
and easily registered contacts are employed. 

it is another object of this Invention to provide 
an electrical intercohnector for chips which emptoy 
solder connection areas wherein height differences 
in the interconnection areas are accommodated by 
the contact system. 

It is yet another object of this invention to 
provide an Interconnect system for a chip having 
solder land areas wherein the system is self-align- 
ing. 

The present invention as claimed discloses an 
electrical connector for making contact with a plu- 
rality of convex and defbnnabie contacte oh an 
etectronic device. The electrical connector com- 
prises a substrate having a plurality of conductors 
which extend above its surface. A polymeric ma- 
terial is disposed on the surface of the substrate 
and has openings which expose the conductors, 
each opening sized to receive one of the convex, 
deformable contacts, and to enable electrical con- 
nection between the exposed conductors and the 
deformable contacte. A mechanism is provided for 
urging the defonnnable coirtacte on the electronic 
devtee against the exposed conductors. The 
mechanic exerte suffident force between the de- 
vice and the conductors to cause some defomna- 
tlon of the convex contact areas by the conductors. 

A pretened embodiment is shown in the ac- 
companying drawings of which: 

Rg. 1 is a section of a multilayer interconnect 

module prior to contact processing. 

Fig. 2 is a section of the interconnect module 

after its uppermost surface has been ablated by 

an abrasive spray. 

Rg. 3 is a section of the interconnect module 

subsequent to the deposition of a polymeric 

layer onito the ablated surface. 

Rg. 4 Is a section of the interconnect module 

subsequent to the removal of certain areas of 

the polymeric layer to expose interconnecting 

conductors. 

Rg, 4a is an expanded view of a portion of Fig. 
4 showing a subsequently applied conductive 
coating. 

Rg. 5 is a sectkm of the interconnect module 

showing a means for registering a semicondu^ jj 1302258 
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tor chip having conductive lands thereon with 
the electrical conductors of the module. 
Fig. 6 is an expanded sectional view of a point 
of contact between an electrical conductor and a 
solder ball on a chip. s 
Rg. 7 Is an expanded sectional view of a point 
of contact between an electrical conductor and a 
solder ball wherein the solder ball is misaligned. 
Refening to Fig. 1, a plurality of rigid conduc- 
tors 10, 12, and 14. are mounted In a multilayer m 
modular structure 16. Each layer of module 16 
includes conductive circuit pathways which provide 
connections between the conductors and input-out- 
put pins (not shown). Preferably, conductors 10, 12, 
and 14 are comprised of molybdenum and the is 
layers of module 16 are comprised of a suitable 
ceramic material (e.g. aluminum oxide). 

Next, a portion of layer 18 is removed to fur- 
ther expose and shape the tips of the rigid conduc- 
tors 10. 12, and 14. As shown in Rg. 2, a grit- so 
blasting technique is employed to abrade and re- 
move a portion of layer 18 as well as to round off 
m tips of. conductors 10, 12. and 14. A silicon 
carbide grit is preferably used to provide the abra^ 
sive erosion action. 26 

Subsequently, as shown in Rg. 3, a layer of a 
polymeric material 20 (e.g. a polylmide) is applied 
and covers the upper surface of module 16. The 
polyimide may be applied by any appropriate 
method, e.g., screening, lamination, spin coating so 
etc. It mMst be thennally stable up to 150* C and 
be relatively rigid once It Is cured. Suitable exam- 
ples of appropriate polymers are as follows: PMDA- 
ODA. BPDA-POA silicon containing polymers, all 
available commercially, (e.g. from the Duportt Cor- 35 
poralion, Wilmington, Delaware). 

Once polymeric layer 20 Is. cured, openings 
are made therein to expose the uppermost portions 
of electrical conductors 10, 12 and 14. This is 
shown in Fig. 4 and may accomplished by 4o 
employing a laser to ablate the areas of polymer 
20 immediately overiaying the tip portions of con- 
ductors 10, 12, and 14. Alternatively a metal mask 
may be overlaid on layer 20 and exposed areas 
ablated with an area exposure from an exdmer 4S 
laser. Preferably, the sides 22 of each opening are 
somewhat sloped to provide a guiding action when 
a solder ball is inserted therein. 

After the tips of conductors 10, 12, and 14 
have been exposed, it is prefen-ed, but not ab- so 
solutely necessary, that a thin conductive coating 
24 be emplaced on the tip of each of conductors 
10, 12, and 14, as well as on the sides 22 of each 
opening in polymer layer 20. This is shown in Rg. 
4a wherein conductive layer 24 has been deposited ss 
as shown. Layer 24 is preferably a nickel-chrome 
material which provides both high resistance to 
wear and is non-wettable by solder. 



IXiring the manufacture of chip 38, the height 
dimension of each of solder balls 40, 42, 46. etc. is 
held within upper and lower limits. Thus, to assure 
electrical connection, the dimension between the 
exposed tips of conductors 10. 12. and 14 and the 
upper surface of polymer layer should be approxi- 
mately equal to the lower limit height dimension of 
the solder bails. Should a solder ball not connect to 
a conductor, then it is Imown that the bail is out of 
limits, causing tfie chip to be rejected. 

Interconnect module 16, as shown in Rg. 5, is 
mounted in an alignment fixture 30. The upper 
portion of alignment fixture 30 holds a polymeric 
sheet 32 which is provided with openings aligned 
wth the openings previously made in polymer lay- 
er 20. The thicloiess of sheet 32 maybe selected to 
control the depth of IndentaBon Into each of the 
solder bails. 

To assure proper registration, a pair of adjust- 
ment screws 34 and 36 enable module 16 to be 
moved so that the openings in layer 20 are aligned 
with the openings In sheet 32. Subsequently, a 
chip 38 having a plurality of solder bails 40. 42. 
and 46 is emplaced over polymeric sheet 32 so 
that the solder balls extend therethrough. Then, the 
upper surface of chip 38 is pressed downwardly 
until .each of balls 40, 42, and 46 niakes contact 
with the upper surfaces of conductors 10, 12, and 
14. Sufficient force is applied (as schematically 
indicated by an-ow 50) to chip 38 to cause conduc- 
tors 10, 12, and 14 to indent each of solder balls 
40, 42, and 46, thereby enabling good electrical 
contact to be establi^ed. By assuring that suffi- 
cient pressure is exerted to cause indents in the 
solder balls, differences in height of the solder bails 
(vnbtin limits) can be accommodated. Obviously, If 
propw contact Is not made between a solder ball 
and a conductor tip, then the height of the solder 
ball is outside of allowable limits and the chip is 
rejected. 

In Rg. 6, an expanded view Is shown of solder 
ball 46 and conductor 14 is after sufficient pressure 
has been exerted on chip 38 to cause conductor 14 
to indent ball 46. 

It Is also possible to dispense with polymeric 
sheet 32 and to directly emplace chip 3i8 onto 
Interconnection module 16. In this case however, it 
may occur that there is some mis-alignment be- 
tween the chip and the module so that a solder baW 
may not be directly aligned with its mating elec- 
trical conductor. This is shown in Rg. 7 wherein 
ball 46 is offset from conductor 14. In such case, 
good electrical contact is still assured by conduc- 
tive layer 24 providing additional electrical intercon- 
nection with solder ball 46. 

The aijove-described interconnection module 
provides a number of advantages. No permanent 
joining between the chip and the test module is 

PHI302259 
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necessary: ft enables the simultaneoiis testing of 
many chips; it is applicable for botli functional tests 
and bum-in tests using a single interconnect mod- 
ule; the chip is self-aligned and is mechanically 
held in place during the test operation; and the 
inderrted solder balls may be refbnned by a simple 
Fsflow operafion subsequent to test. If necessary. 

Claims 

1. An electrical connector for matdng contact with 
a pattern of convex defonnabie contact areas 
(40, 46) on an electipnic device (38), each said 
convex defbmiable contact area reqtdred to 
exhibit at least a minimum height dimension 
above a contact surface of said electronic de- 
vice, comprising: 

a connector substrate having a plurality of rigid 
conductors (10^ 12,14) emtMdded therein, and 
a concave opening aligned with an end of each 
said conductor, each said concave opening 
oxposing said conductor end with in said open- 
ing, said concave openings and conductor 
ends anrangkl to mate with said pattern of 
contact areas; and • • 

rneans (30) for urging said electronic device 
and connector substrate towards each other 
when said electronic device is placed so that 
, Its patte^rn of convex contact areas Is aligned 
with said concave openings, said urging means 
exdrting sufficient force to cause said rigid 
conductors to deform said convex contact 
areas. 

2. The electrical connector defined in Claim 1 
wherein said connector substrate comprises: 

a module (16) having a plurality of rigid con- 
ductors (10, 12, 14) extending above at least a 
first surface (1 8) thereof; and 

a polymeric layer (20) disposed on said first 
surface and having an uppermost surface with 
concave openings exposing an end of each 
said rigid conductor, each concave opening 
sized to receive a convex defOmnable contact 
area. 

S. The electrical connector defined in Claim 2, 
wherein each said rigid conductor end is dis- 
posed a distance below said polymeric layer's 
uppemiost surface which is approximately 
equal to said minimum height dimension. 

4. The connector as defined in any one of the 
preceding claims, further comprising: 



a metallic coating (24) adherent to an inner 
surface of each said concave opening and 
exposed conductor. 

5 

5. The connector as defined in claim 4, wherein 
s^ metallic coating is chosen from a class of 
coatings which are not reactive with said defor- 
mable contact areas. 

6. The connecbjr as defined in claim 5, wherein 
said convex defbrmable contact areas are 
comprised of a solder material and . said metal- 
lic coating Is not wet by said solder material. 

7. The connector as defined In claim 1, further 
comprising: 

mask means (32) having a plurality of orifices 
20 oriented in registration with said concave open- 
ings In said connector substrate, for receiving 
said electronic device and aligning its pattern 
of convex contact areas with said concave 
openings in said connector substrate. 

25 

8. The connector as deflned in claim 7, wherein, 
when said electronic device Is positioned In 
said mask means so that its contact areas are 
aligned with and inserted In said orifices, said 

30 urging means presses said contact areas 
against said rigid conductors to thereby elec- 
trically contact and deform said contact areas. 

9. An electrical connector for making contact with 
3S a plurality of solder ball contact areas on an 

ele<^nic device, comprising: 

a substrate having a pkiralHy of rigid conduo 
tive studs extending above a surface thereof; 

a mask positioned alsove said substrate having 
a plurality of orifices and adapted to receive 
said solder balls when said electronic device is 
placed thereon, said mask aligning said solder 
45 balls over said conductive studs; 

means for urging said electronic device, mask 
and sut^trate together when said electronic 
device Is placed on saki nnask with its sokier 
so bails mating with saki oriftees, sakl means 
exerting sufficient force between said de^ce 
and said conducthre studs to cause some de- 
formatkm of said sokier balls by said studs. 

55 10. The electrical connector as defined in claim 9 
wherein said conducthre studs are not wettable 
by solder. 

PHI302260 
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FIG. J 
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@ Connector assembly for chip testing. 



@ An electrical connector Is described for making 
contact with a plurality of convex and deformable 
contacts (40, 46) on an electronic devtee (38). The 
electrical connector comprises a suttstrate fiaving a 
plurality of conductors (10, 12, 14) which extend 
above its surface. A polymeric material (20) is dis- 
posed on the surface of the substrate and has open- 
ings which expose the conductors, each opening 
sized to receive one of the convex, deformable con- 
tacts, and to enable electrical connection between 
the exposed conductors and the deformable con- 
tacts. A mechanism is provided for urging the defor- 
mable contacts on the electronk: device against the 
exposed conductors. The rnechanism exerts suffi- 
cient force between the device and the conductors 
to cause some deformation of the convex contact 
areas by the conductors. 
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